Possible methods of implementing aggression as one of the mechanisms in the formation of social behavior in groups of robots are discussed. Aggression is seen as a way to resolve conflicts over resources. The features of the aggressive behavior of eusocial insects (ants) are used as a basis. The aggressive component is integrated into the need-emotional architecture of the robot control system, which is presented as a hybrid neuro-production system. The proposed mechanism can be used as a base for implementing various models of social behavior in group robotics.
Introduction
One of the approaches to the creation of group robotics systems being actively developed is the implementation of social behavior models as unified methodological bases [1] . The main idea of this approach is as follows. The appearance of emergent properties is possible in a robot group if the group is a social community. Therefore, we must study and realize animal social behavior mechanisms, such as cohesion, domination, contagious behavior, etc. [2] . We suppose that these biologically inspired methods will allow for the solving of a wide range of tasks in group robotics.
Ethologists believe that agonistic or aggressive behavior is one of the main mechanisms of social behavior [2] . We need to explore the basic mechanisms of aggressive behavior, because we will use them to realize some social behavior models in group robotics. In the framework of evolutionary theory, aggressive behavior is understood to encourage survival of the fittest, disperse populations, aid adaptation to threatening environments, and generally improve the probability of individual and species survival [3] .
Aggressive behavior is an integral part of various social behavior models; therefore, in the present study, the implementation of this mechanism is essential to create higher-level models. There are works in which approaches based on aggressive animal behavior are used to solve certain robotics tasks. In [4] , two robots determine which of them will first pass along a narrow corridor and which will give way.
They evaluate their losses, and the robot gives way if its losses are fewer. This robot is considered less aggressive. The development of this approach for a robot team is presented in [5] . In addition, the term "aggression" is sometimes applied in multi-agent systems. Aggression can be seen as a way of resolving conflicts during the formation of coalitions [6] . In [7] , an agent evaluates the usefulness of the resource over which the conflict is taking place. If the usefulness of the resource is greater than the loss as a result of the conflict, the agent gets into a fight.
In [8] , another approach was proposed. In ants, actual aggressiveness depends on the distance from its "nest" and the number of other individuals of the species. The author proposes an agent aggressive behavior model depending on these two parameters. This model is designed to solve the problem of dividing the territory between two robot groups. Unfortunately, each of these methods allows solving only one specific task, and they are not suitable for implementing different models of social behavior.
We are interested in a constructive and biologically based aggressive behavior model that can be applied to solve specific problems in group robotics. The constructability denotes that the model can be used in a robot control system. It is worth noting that we mean the interpretation of the agent's actions by an outside observer when we use the term "aggression" or "aggressive behavior." This will allow us to describe naturally the robot's behavioral aspects.
Our purpose is to determine the components of a control system that influences robot behavior so an outside observer considers the behavior to be aggression. The rest of the paper is organized as follows. Section 2 describes the general features of aggressive behavior in animals, particularly ants. Section 3 presents the architecture of a robot control system that uses higher-level emotional mechanism forms. It is argued that the aggressive behavior can be implemented in the control system with a few additional parameters. Section 4 describes the experiments aimed at detecting changes in an agent's behavior depending on the current level of aggressiveness. Section 5 summarizes the material and concludes with a brief outlook on further research.
Aggressive behavior
Aggressiveness is a special form of agonistic behavior that includes threats, displays, retreats, placation, and conciliation. Aggression is an integral part of many types of social behavior [9] , [10] , [2] , in particular:
• The maintenance of a population's spatial structure • Mating behavior • The care of offspring • The maintenance of a dominance hierarchy among cooperating individuals in a society • The maintenance of group (family) homeostasis Aggressive behavior is difficult to define. Nelson writes, "Lack of agreement regarding definitions of aggressive behavior has been a significant impediment to the progress of research in this area" [11] . In our view, the most constructive definition is that aggression is "a consequence of a conflict of interest between an individual, a couple or a group" [12] . Aggression is seen as a means of conflict resolution. This allows us to use the concept of aggression to resolve conflicts between individuals or groups by directly influencing the object causing the conflict.
Generally, aggression contributes to survival of the species [13] , usually occurring when an opponent appears. We consider only intraspecific aggression, in which animals attack members of their own species. This type of aggression shapes social behavior.
Agonistic behavior consists of threats, aggression, and submission. Intraspecific aggression rarely proceeds to the fight phase, and it is often limited to demonstrating threats. The threats appear as fixed action patterns (FAPs) [2] , which are highly stereotyped models of the behavior characteristic of a particular species. A FAP is a ritual that replaces the fight, and it does no harm to rivals. In the process of evolution, mechanisms that suppress aggressive behavior are developed, either by eliminating the cause (rival, obstacle, etc.) or by another individual demonstrating subordination.
When studying aggression for use in group robotics, we first focus on the behavior of ants as representatives of eusocial insects. Aggression is part of the mechanism that ensures the isolation of the insect community as a whole [14] . The manifestation of aggression in ants can be divided into two classes [15] : 1) intra-family aggression (stimulating effects, formation of subordinate structures, competition between workers of the same family, control of family composition) and 2) extra-family aggression (protection of brood and reproductive individuals, other workers, nest, fodder area).
Each anthill has its own specific odor, and ants distinguish an individual belonging to their anthill from an individual belonging to another anthill based on odor. The first ones we will call as "friends" and the second ones as "aliens" or "foe". Extra-family aggression depends on the distance to the "nest" and on the number of "friends" nearby.
Aggressiveness among ants increases with age. The most aggressive and experienced ants (particularly wood ants of the Formica rufa group) are observers on an anthill dome. In coordinating the actions of ants, imitative behavior plays a main role. For example, ant observers take an aggressive pose or attack when a threat arises. Other ants react to these characteristic movements and poses, and they almost instantly switch to defence mode [15] .
Subordination structures are formed when it is necessary to coordinate the ant group's actions. For example, if a recognized leader of the foraging group exists, then the subordinate individuals simply imitate his actions.
If there is no leader, the most active foragers struggle among themselves for leadership. Subsequently, a leader is recognized by other foragers. It is often impossible to determine unambiguously whether an action is aggressive. The same actions can be considered in one situation as an aggressive manifestation and in another as non-aggressive. Only an observer determines whether an action is aggressive by considering the context in which it occurs. Now, consider how the above can be reflected in the structure of the robot control system.
Generalized model of aggressive behavior
In the process of functioning, the robot evaluates its own state and the state of the environment, and it carries out certain actions that are determined by its needs and capabilities. Let there be a target state (ST) and a current (SC) state. The robot moves from state to state with the action Act:
Let us define what we mean by aggressive actions. First, there must be a certain target object O A at which the aggression is directed. Second, we will assume the purpose of the impact is the removal of this object from the scene. This can be written as follows:
We will call the action Act (1) aggressive if it is aimed at eliminating the cause of the inconsistency of the current state with the target state by rendering the destructive impact on the object. In other words, aggressive behavior enables the transformation of the current state to eliminate the cause of the discrepancy.
We view aggressive behavior as a way of resolving conflict, which is understood as the most radical way to resolve contradictions that arise in the process of interaction. Usually, a conflict is accompanied by negative emotions [16] ; therefore negative emotions can be a sign of conflict and an internal cause of aggression.
Emotions are one of the main mechanisms for regulating behavior, and they are responsible for contrasting sensory perception and for stabilizing behavior. They are not only characteristic of living organisms, but they are also applicable to technical systems. In [17] , architecture for the emotional control system of the agent was proposed. Emotions in this system are the basis for controlling the behavior of the agent, determining the overall assessment of the current situation. This approach is based on the need-information theory of emotions by Simonov [18] .
In accordance with Simonov's theory, emotions are an assessment of the value of the current need and the possibility of satisfying it. The brain evaluates this possibility based on genetic predisposition and previously obtained individual life experience. This can be expressed as follows:
where E is the emotion (its force, quality, and sign); N is the force and quality of the current need; р(Ineed, Ihas) is the estimate of the possibility of satisfying the need using the inherent and gained life experience; Ineed is the information about the method to satisfy the need; and Ihas is information about the means, resources, and time the subject has presently at its disposal. The difference between the need and possibilities of their satisfaction determines the emotional estimate of the current situation. If we have some needs and the possibilities of satisfying them are sufficient, then we have a positive emotional estimate. Otherwise, the emotions are negative. The emotional component is enough to realize simple forms of agent behavior. However, in real nature, animal behavior is characterized by great diversity. For example, different individuals will act differently with the same level of needs in the same situation: one will attack, while the other will run away. First, it depends on the aggression level. A more aggressive individual more often chooses an attack than flight or submission. Even the same individual can behave differently in the same situations. The individual's needs have not changed, the strength has not changed, but the individual escapes instead of attacking, depending on the current aggression level.
The condition for the initiation of any action is negative emotions associated with unrealized needs. In the robot control system, the state of each action block is characterized by its private emotion Ei. The condition for choosing an action is determined by the emotional state of the agent:
An independent observer can interpret some of these actions as aggressive. As a universal tool for implementing behavioral procedures, finite automata are used [19] . Each automate implements one FAP, and the agent's control system has two levels: the behavior control level and the level of the FAP's implementation. An important issue is the choice of the object of aggression. For example, an object of aggression may be the object with which an action is associated, characterized by minimal (maximum negative) emotion:
We view aggression as a regulator of social behavior. Therefore, of all objects that cause negative emotions, only other agents are selected.
Let us consider in more detail the behavior patterns in which the aggressive component is present in an explicit form: territorial behavior (protection of the forage site) in Figure 1 and dominance and self-preservation in Figure 2 . Dashed lines indicate negative connections: they play the role of a brake.
Actions Needs "friend" If you do not include an aggressive element in these schemes, then agent behavior will be determined only by the magnitude of the need. For example, if the desire to dominate is greater than the need for self-preservation, then the agent will attack the opponent and runs away in other case.
Actions

Attack
Needs Sensors
Escape / Submission
Need for dominance
Need for selfpreservation "friend" The inclusion of an aggressive component in the agent control scheme allows us to introduce a certain element of unification. This component will be responsible for assessing the current situation. The estimate can be expressed as follows. If the agent assesses the situation as a threat, he attacks the source of this threat; if he assesses it as a danger, he runs away.
A generalized scheme of behavior with an aggressive component is shown in Figure 3 . Similarly, you can add additional needs to the diagram in Figure 3 . An aggressive component can be technically implemented using a set of parameters. The behavior of the agent can be controlled by changing the parameter's values and not changing the control system structure. "friend" Fig. 3 . General scheme of behaviors with an aggressive component A similar approach is described in [20] , where the principles of parasitic control of an agent with the emotional control system were considered. The change in the agent's behavior was achieved by changing the weights of the needs, changing the evaluation channels of the control system, and influencing the feedback loop parameters.
Neuroplasticity is the ability of the brain to change throughout an individual's life, e.g., brain activity associated with a given function can be transferred to a different location, and synapses may strengthen or weaken over time [21] . Long-term modifications of synaptic transmissions constitute the foundation of the processes by which information is stored in the central nervous system. In particular, the effect of plasticity lies in the fact that changes in the efficacy of synaptic connections can lead to a change in behavior. New conduct rules are not required in this case.
Conduct rules can be described in terms of the certainty factor (CF) in the classical MYCIN-like production model [22] . For each rule, there is some a priori weight, which we denote by ωR. Then, the resulting CF of the conclusion can be defined as the product of ωR on the CF of the premise ωC:
Let the values of all input signals (including sensors) be normalized on the interval [0, 1]. Then, the "negation" can be defined as the reciprocal value (-ω = 1-ω); the "AND" and "OR" operations can be calculated as a minimum and a maximum, respectively; and with confirming rules, one can act naturally:
=1+2-1+2 (7) To change the behavior, it is necessary either to change the CF rules or to introduce additional fictitious sensors into the circuit, which will increase or decrease the strength of the synaptic connections. We will stop on the second option and will introduce additional sensors. They will allow us, in particular, to implement such behavior of the agent, the manifestations of which the outside observer will perceive as aggressive. Now, we need to select the parameters that will be simulated by these fictitious sensors. The main characteristics of aggressive behavior are as follows [23] : congenital aggressiveness and the current aggressive level, which may decrease or increase depending on the animal condition, the results of its actions, etc.
Congenital aggressiveness in animals is confirmed by high indices of inheritance of aggressiveness, which are established in the study of different animal species, particularly mice [24] and birds [25] . The influence of the results of the interactions of individuals on their level of aggressiveness is confirmed by many studies. After a fight, the current aggressiveness of individuals decreases, regardless of the outcome of the conflict (the stage of appeasement is coming). However, in the next encounter with an unfamiliar partner, the animal that wins the fight is more aggressive, and the aggressiveness of the individuals suffering defeat is, contrarily, suppressed [26] .
Due to the independence of these parameters, you can select them to simulate the aggressive component and implement them with a single fictive sensor A. The innate level A0 sets the initial value of the current level Ac. Ac determines the current inclination of the agent to enter the conflict. The value of Ac increases after its victory (W = 1) and decreases after defeat (W = 0). The change in Ac (ΔAc) is determined by the amplification factors α and the attenuation factors β of the corresponding synaptic connections:
Ac will play the role of an agent's memory of the results of previous conflicts. Figure 4 shows a hybrid neuroproduction control system supplemented by a sensor-valve pair simulating a fictitious sensor A (parameter Ac), and two external events, namely, "victory" and "defeat." In addition to the above, the agent has needs for food and comfort and some sensors: food, obstacle, danger (light), and hunger sensors. The latter is a virtual sensor and reflects the agent's internal state. The agent is afraid of light, so he runs away from it, satisfying the need for comfort. The sensors "friend" and "alien" are combined into one "hindrance" sensor to simplify the circuit. 
Implementation of the general model of aggressive behavior
Simulation modeling was carried out using the Kvorum multi-agent modeling system. In the experiments, the agent's behavior has been studied and found to reflect the needs for food, self-preservation, comfort, and domination. The agent moved around the polygon, where there were hindrances and there was food.
When a hindrance is detected, the agent attacked it or ran away, depending on the amount of needs and its internal state (Ac). In the attack, his win or loss was determined by the ratio of his force Fa and the opponent's strength Fc, and it was calculated based on probability p = Fa / (Fa+Fc). The following problem was posed in the experiments. The change in the behavior of the agent depending on the current aggressiveness level was determined. The value of A0, the amplification and attenuation coefficients of the synaptic connections (α and β), and the value of the needs for selfpreservation and dominance affect Ac. The change in the agent's behavior is expressed as the ratio of the "attack" or "flight" actions.
Two series of experiments were conducted for 10 starts for each combination of the initial parameter values. Each experiment lasted 5,000 cycles of model time. The need for dominance varied from 0.2 to 0.4. To obtain more contrasting results in the first series, the opponents were significantly superior to the agent in strength. In the second series, on the contrary, he was much stronger than the opponents were. The experiment results are shown in Figure 5 . Here, the coefficient K is indicated on the abscissa. K is the ratio of the amplification and attenuation coefficients: K = α / (α + β). On the one hand, these experiments ( Figure 5 ) demonstrated obvious results. An increase in the need for domination leads to an increase in the aggression level. A similar effect is exerted by an increase in the amplification coefficient α in comparison with the attenuation coefficient β. On the other hand, the experiments confirmed the possibility of controlling the agent's behavior with the help of the parameters introduced, and they allowed for a quantitative assessment of the investigated dependence.
The mechanism can be basis for solution of the territorial distribution problem in antagonistic environments or in environments with conflicts of interests. Mostly, such tasks are solved using some special mechanisms. For example, in [27] proposes a flocking control algorithm for a team of autonomous underwater vehicles (AUVs) deployed for group motion in a network where only local communication exists among the participating AUVs. The control scheme is based on agreement or consensus protocol. An approach based on behavior management will solve the territorial distribution problem without the use of specific protocols and additional behavior rules.
Conclusion
The proposed model of aggressive behavior accounts for previous conflict experience. It allows one to simulate the phenomenon of increasing aggressiveness with the age of the agent and the effect of forgetting one's own experience. We can control this behavior by changing the parameter values and creating more or less aggressive agents. Therefore, the additional parameter "aggressiveness" allows for the provision of a greater variety of agent behaviors depending on the state of the environment and the management of an agent or agent group, without adding superfluous behavior rules.
This mechanism is rater universal, and it can be used as a base for implementing various models of social behavior in group robotics. Its main limitations are related to the formulation of the problem to be solved in terms of behavioral reactions. In the future, the plan is to investigate group agent behavior with an aggressive component. 
